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CRLI BEAT IOWS OF P ITOT-ST A T I C  TUBES AT H I G H  SPEEDS 

By Reece 7. Hensley  

SUMMARY 

T h r e e  t y p e s  o f  s e r v i c e  p i t o t - s t a t i c  t u b e  mere c a l i -  
b r a t e d  o v e r  a n  a p p r o x i m a t e  r a n g e  of  speeds  o f  150 t o  600 
m i l e s  p e r  h o u r .  A s t a n d a r d  F r a n $ t l - t y p e  p i t o t - s t a t i c  t u b e  
was c a l i b r a t e d  o v e r  t h e  same speed r a n g e .  These  c a l i b r a-  
t i o l k s  i n d i c a t e d  t h e  need f o r  a p i t o t - s t a t i c  t u b e  h a v i n g  
g r e a t e r  a c c u r a c y ,  e s p e c i a l l y  a t  h i g h   speed.^. A h igh- speed 
p f t o t - s t a t  i c  t u b e  was t h e r e f o r e  d e s i g n e d  a n d  c a l i b r a t e d  
o v e r  t h e  same speed r a n g e .  The c h a r a c t e r i s t i c s  o f  t h i s  
p i t o t - s t a t  I c  tube, mere found t o  be c o a p a r a b l e  w i t h  t h o s e  
o f  t h e  s t a n d a r d  P r a n d t l - t y p e  p i t o t - s t a t i c  t u b e  a t  lorn 
s p e e d s ,  but  theg  were found t o  be c o n s i d e r a b l y  b e t t e r  t h a n  
those  o f  t h e  P r a n d t l - t y p e  i n s t r u a e n t  a t  h i g h  speeds .  

I NT RO DUCT I O X  
P 

A t  t h e  r e q u e s t  o f  t h e  Bureau o f  A e r o n a u t i c s ,  Navy 
D e p a r t m e n t ,  t h r e e  t y p e s  o f  s t a n d a r d  s e r v i c e  p i t o t - s t a t i c  
t u b e  were c a l i b r a t e d  i n  t h e  XACA 24- inch h igh- speed  wind 
t u n n e l .  The c a l i b r a t i o n s  were made o v e r  a n  a p p r o x i m a t e  
r a n g e  o f  s p e e d s  o f  2.50 t o  600 mi le s  p e r  hour .  

F o l l o w i n g  t h e  c a l i b r a t i o n  o f  t h e  s tand.ard  s e r v i c e  
p i t o t - s t a t  i c  t u b e s ,  check c a l i b r a t i o n s  were made on  sev- 
e r a l  P r a n d t l - t y p e  P i t o t - s t a t i c  t u b e s  tha t  a r e  u s e d  as  
s t a n d a r d  l a b o r a t o r y  i n s t r u m e n t s .  

The r e s u l t s  of t h e s e  c a l i b r a t i o n s  i n d i c a t e d  t n e  need 
f o r  a P i t o t - s t a t i c  t u b e  h a v i n g  a more rugged c o n s t r u c t i o n  
t 3 a n  t k e  P r a - n d t l  t y p e  t o  r e d u c e  t h e  p o s s i b i l i t y  o f  changes  
i n  t h e  c a l i b r a t i o n  f a c t o r  a n d  f a r  a d e s i g n  t o  make t h e  
c a l i b r a t i o n  f a c t o r  n e a r e r  u n i t y  and  t o  rna in ta in  t h a t  fac-  
t o r  w i t h  a minimum o f  v a r i a t i o n  o v e r  a l a r g e  speed  r a n g e .  

P! ' n igbs2 ,ced  P i t o t - s t a t i c  t u b e  w a s  d e s i g n e d  t o  a t t a i n  
t h i s  p u r p o s e .  The d e s i g n  and c a l i b r a t i o n  o f  t h i s  
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i n s t r u m e n t ,  t o g e t h e r  w i t h  t h e  c a l i b r a t i o n s  o f  t h e  o t h e r  
p i t o t - s t a t i c  t u b e s  a r e  prsscsnted cherein.  

APPARATUS AN3 TESTS 

Tunnel  C a l i b r a t i o n s  T 
VJ 
u3 
cn 

The 24- inch  h igh-sgeed wind t u n n e l ,  i n  which t h e s e  
c a l i b r a t i o n s  were made, i s  a n  i n d u c t i o n- t y p e  wind t u n n e l  
w i t h o u t  r e t u r n  p a s s a g e ,  saving its i n d u c t i o n  n o z z l e  down- 
s t r e a m  from t h e  t e s t  s e c t i o n .  A d e t a i l e d  d e s c r i p t i o n  i s  
g i v e n  i n  r e f e r e r i c e  1. 

The i m p a c t ,  o r  t o t a l ,  p r e s s u r e  a t  t h e  t e s t  s e c t i o n  
i s  equal t o  a t n o s p h s r i c  p r e s s u r e  excep t  f o r  a small loss 
t h r o u g h  s c r e e n s .  T h i s  L o s s ,  eqizaf t o  a p p r o x i m a t e l y  0.13 
p e r c e n t  o f  t h e  clynaruic g r e s s u r e  q ,  h a s  been computed 
from measurements  o f  tlze l o s s  thro-agh s c r e e n s  and has been 
checked by compar ison  o f  t h e  i n y a c t - p r e s s u r e  i n d i c a e  ions 
o b t a i n e d  v i t h  s e v e r a l  s taul2ard F i t o t  t u b e s ,  

The s t a t i c  p r o s s u r e  a t  t h e  t e s t  s e c t i o n  was de te rminod  
by c a i i b r a t e d  s t a t i c - p r e s s u r e  o r i f  i c e s  i n  t h e  t u n n e l  w a l l  
upstrcal l i  f r o m  t h e  t e s t  s e c t i o n .  C a l i b r a t i o n s  o f  t h e s e  
o r i f i c e s  were made i n  t h e  u s u a l  manner by comparing t h e  
s t a t t c  p r e s s a r c  a t  t h e  o r i f i c e s  w i t h  t h e  s t a t i c  p r e s s u r e  
a t  t h e  t e s t  s s c t i o n .  Tho  s t a t i c  p r e s s u r e  a t  t h e  t e s t  
s e c t i o n  v a s  d e t e r m i n e d  f o r  t h e  c a l i b r a t i o n s  by measure- 
ments  of t.he p r e s s u r e  a c t i n g  on o r i f i c s s  a t  t h e  t e s t -  
s e c t i o n  l e v e l  i n  a l o n g  t u b e  t h a t  ex tended  f rom t h e  r e g i o n  
o f  p r a c t i c a l l y  z e r o  v e l o c i t y  ahead  of t h e  e n t r a n c e  cone 
t o  a p o i n t  w e l l  domnstrezm o f  t h e  t e s t  s e c t i o n .  S t a t i c -  
p r e s s u r e  t u b e s  o f  t w o  s i z e s ,  1/8 inch and 3/4 i n c h  i n  di- 
a r n e t e r ,  mere used i n  t h e s e  c a l i b r a t i o n s .  I d e n t i c a l  r e s u l t s  
were o b t a i n e d  with b o t h  tizbes,  

I n  o r d e r  t o  s i m p l i f y  t.he c a l c - J l a t i o n s  and  t o  minimize  
t h e  a c c i d . e n t a 1  e r r o r s  i n v o l v e d ,  f o r  t h e  l a t e r  t e s t s  t h e  
s t a t i c  p r e s s u r e  i n  t h e  t e s t  s e c t i o n  vas measured s i m u l t a-  
n e o u s l y  a i t h  t h e  i z p a c t  and s t a t i c  p r e s s - a r e s  i i i h i c a t e d  by 
t h e  p i t o t - s t a t i c  t u b e ,  t h c r e b y  e l i m i n a t i n g  t h e  a e c e s s i t y  
f o r  t h e  use o f  t h e  o r i f i c e s  i n  t h e  tur inel  m a l l  u p s t r e a m  
from t h e  t e s t  s e c t i o n .  T h f s  measurement mas accompl i shed  
by installing t h e  long 1 /8 - inch-d iamete r  t u b e  i n  t he  tun-  
n e l  i n  a d d i t i o n  t o  t h e  P i t o t - s t a t i c  t u b e .  The p r e s s u r e  
a t  t h e  s t a t i c - p r e s s u r e  o r i f i c e s  7Tas measured d u r i n g  a 
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number o f  t h e s e  t e s t s  t o  d e t e r m i n e  any i n t e r f e r e n c e  e f f e c t s .  
The r e s u l t s  i n d i c a t e d  no a p p r e c i a b l e  change i n  t h e  c a l i b r a -  
t i o n  o f  t h e  s t a t i c - p r e s s u r e  o r i f i c e s  w i t h  o r  w i t h o u t  t h e  
p i t o t - s t a t i c  t u b e  i n s t a l l e d  i n  t h e  t u n n e l .  

P i t o t - S t a t  i c  Tubes 

&;xfce t u b e s .-  The t h r e e  t y p e s  o f  s e r v i c e  p i t o t -  
s t a t i c  t a b e  c a l i b r a t e d  a r e  the f o l l o w i n g :  

Xollsman I n s t r u m e n t  Go. F,S.S.C. Wo. 18-T-4545 ( f i g .  I), 
d e s i g n a t e d  t u b e  Z 

A e r o  Ins t ru rnez t  Go, F . S . S . C .  No. 18-11-4554 ( f i g .  2), 
d e s i g n a t e d  t n b e  2 

Aero I n s t r u m e n t  Go. W.A.F. 39968. Bureau of Aesonau- 
t i c s  drawing Fo. 548-SK ( f i g .  3 ) ,  d e s i g n a t e d  t u b e  3 

Two i n s t r a m e n t a  o f  each  t y y e ,  i d e n t i f i e d  a s  a and b y  
were  f - w n i s h e d  by % ! l e  Bureau o f  A e r o n a u t i c s ,  Wavy Depart-  
melit, a n d  a11 i n s t r u m e n t s  w e r e  c a l i b r a t e d .  

T ~ i b s s  1 and 2 were m u n t e d  o r i  a l o n g  s u p p o r t  t u b e  i n  
t h e  c e n t e r  o f  t h e  t ' t innel .  Thts t i l be ,  n h i c k  had t h e  same 
d i a m e t e r  a s  t h e  p i t o t - s t a t i c  t u b e ,  f o r z e d  a rea raa rd .  ex- 
Leiision o f  t h e  p i t o t - s t a t i c  t u b e  and  was s u p p o r t s 4  by t w o  
s e t s  o f  t h r e e  equally sr;aced v i r e s  f a s t e n e d  t o  t he  t u n n e l  
walls. The v i r e s  v e r ~  l o c a t e d  s u f f i c i e n t l y  f a r  dorrnstream 
f r o 3  t h e  s t a t i c - p r e s s u r e  o r i f i c e s  o f  t h e  i n s t r u m e n t  t o  in-  
sure t h a t  t h e y  m o u l d  have no e f f e c t  on t h e  s t a t i c - p r e s s u r e  
i n d i c a t i o n s  o f  t h e  i n s t r u m e n t  

Tube 3 V B S  mounted o n  t h e  tulclnel pall aiIC! t h e  p r e s s u r e  
l e a d s  p a s s e d  t h r o u g h  t h e  a a l l .  One ins t rumei i t  o f  th5s  t y p e  
w a s  t e s t e 6  bo th  wi th  and v i t h o u t  f a i r i n g ;  t h e  f a i r i n g  cov- 
e r e &  tile mourtizlg and  p r e s s u r ?  lec7ds and w a s  shaped t o  
p r o d u c e  a sglso ther  f l o n  i n  t h e  r e g i o n  o f  t h e  i n s t r u m e a t .  
The second i n s t r u m e n t   as t e s t e d  Oi13.y w i t h o u t  t h e  f a i r i n g ,  

P r a n d t l  tube.-  The F r a n d t l  t u b e  has t h e  d imens ions  
o f  a normal p i t o t - s t a t i c  t u b e  of t h i s  t y p e  ( r e f e r e n c e  2). 
PPhis i n s t r u m e n t  mas rwnnted  f o r  c a l i b r a t i o n  by p a s s i n g  
t h e  s u p p o r t  t u b e  t h r o u g h  a h o l e  i n  t h e  t u n n e l  m a l l  and by 
f a s t e n i A g  the s z ~ p o r t  t i ibe i n  t h e  charober s u r r o u n d i n g  t h e  
t e s t  s e c t i o n .  

J 
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I3i.kSDeed. tube.-  I n  t h e  d e s i g n  o f  t h e  h igh- speed 
p i t o t - s t a t  i c  t u b e  ( f i g .  4) t h e  s t a t  i c - p r e s s u r e  o r i f  i c e s  
were  l o c a t e d  i n  a r e g i o n  such t h a t  t h e  s t a t i c - p r e s s u r e  
i z d i c a t i o c s  02 t h e  ins t run ten t  a t  h i g h  v e l o c i t i e s  would 
be e q u a l  t o  t h e  t r u e  s t a t i c  p r e s s u r e .  This l o c a t i o n  w a s  
de termi i ied  f r o m  u n p u b l i s h e d  da t a  o b t a i n e d  f r o m  t e s t s  i n  

IY 
L.r 
LO 

t h e  BBCA 11- inch  h igh- speed  wind t u n n e l  of  t h e  p r e s s u r e  1 

d i s t r i b u t i o n  a l o n g  t h e  a x i s  o f  a P i t o t - s t a t i c  t u b e .  
I n s u f f i c i e n t  d a t a  b e i n g  a v a i l a b l e  t o  g i v e  t h e  nose  s h a p e  C b  
f o r  mi-ninum e r r o r s  i n  t h e  s t a t  i c - p r e s s u r e  i n d i c a t i o n s ,  
t h e  t u b e  was s o  des igr ,ed  t b t  t h e  nose  cou ld  be removed; 
n o s e s  o f  f o u r  d i f f e r e n t  s h a p e s  v e r e  c a l i b r a t e d .  These 
f o u r  ~ O S C  shaFes (shown i n  f i g u r e  5) a r e  A ,  hem%spher ica l ;  
B ,  s e m i e l l i p s o i d a l ,  h a v i n g  a f l n e n e s s  r c t i o  o f  2 : l ;  C ,  
having o r d i n a t e s  g i v e n  by t h e  e q u a t i o n  y = 1 .886  
& - x -I- 0 . 0 8 3 ~ ~ ;  end D ,  s e m i e l l i p s o i d a l ,  havi,ig a 
f i n e n e s s  r a t i o  o f  4 : l .  The s r i n d l e  o f  t h e  iii-gh-speed 
p i t o t - s t a t i c  t u b e  i s  a 2.8- inch- chord  U C A  16-009 a i r f o i l  
t'hat i s  f i t t e d  t80 a s p e c i a l l a  c o r g t r u c t e d  s t r e a m l i n e  sup- 
F o r t  s t r u t .  The b,rFsic d i r ; e n s i o n s  o f  t h i s  p i t o t - s t s t i c  
t u b e  are g i v e s  i n  f i g ~ r e  4. This t n s t r u m e n t  KEJS mounted 
ill t h e  t u n n e l  i n  t h e  same man?-ies a s  t h e  Yra i ld t l - typc  
p i t o t - s t e t i c  t.i?.'be. 

Scope of T e s t s  

A 1 1  t h e  s e r v i c e  i n s t r u m e n t s  a n d  t h e  F r a n d t l - t y p e  
s t a n d a r d  i n s t r n m e n t  v e r e  c a l i b r a t e d  o n l y  a t  arr a n g l e  o f  
a t t a c k  o f  0 ' .  
i b r a t e d  t h r o u g h  a r a n g e  o f  a n g l e s  about  t h e  a x i s  o f  t h e  
s u p p o r t  t u b e  f r o m  0 0  t o  120, i n  40 i n c r e m e n t s .  Each o f  
t h o  i n s t r u m e n t s  was c z l i b r a t e d  o v e r  a n  approx imate  r a n g e  
of speed  o f  150 t o  600 r?liles p e r  h ~ ~ r .  

The high- speed P i t o t - s t a t i c  t u b e  w a s  c a l-  

P REC I S I O N  

A l l  measuremeiits mere made i n  such  a manner t h a t  ac-  
c i d e n t a l  e r r o r s  mere h e l d  t o  a minimum. The s t a t i c  p r e s-  
sure  and t h e  e r r o r  i n  i r rpact  p r e s s u r e  were  d i r e c t l y  meas- 
u r e d  by v i s u a l  o b s e r v a t i o n  o f  l i q u i d - f  i l l e d  manometers. 
L i q u i d s  of d i f f e r e n t  d e n s i t y  were u s e d  i n  v a r i o n s  r a n g e s  
of  p r e s s u r e  d f f f e r e n c e  t o  p e r m i t  l a r g e  d e f l e c t  i o n s  at all 
t i m e s  an$* t h e r e b y  t o  r e d u c s  t h e  e f f e c t  o f  smali accid-en- 
t a l  errclrs i n  t h e  mazlorr;etcr r e a d i n g s .  Aa e s t i m e t e  of t h e  
a c c i d e n t a l  e r r o r  i n v o l v e d  i n  t h e  c a l i b r a t i o n s  can be 
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o b t e i n e d  from t h e  s c a t t e r  o f  t e s t  p o i n t s  mhcn t h e  d a t a  
a r e  p l o t t e d .  2his s c a t t e r  i s  n p p r o x i a a t e l y  r t O . 3  p e r c e n t  
a t  l o n  s p e e d s  and d e c r e a s e s  a t  h i g h  s p e e O s , * w h e r e  p r e s-  
sure d i f f e r e n c e s  a r e  g r e a t e r .  

a 
0 

x METHOD OF PRESEXTATIOM 

The r e s u l t s  o f  t h o  c a l i b r a t i o n s  a r e  p f e s e n t e d  In 
f i g n r e s  6 t o  22,  The symbols u s e d  t o  d . Q s i g n s t c  t h e  quan- 
t i t i e s  measured are P S  f o l l o w s :  

t r u e  i q a c t  p r e s s u r e  P i  

t r u e  s t 3 t i c  prcssure p s  

p i t  i i i s t r w m n t  impact  pressure 

P, iilstrul;.,ezt stat. i c  p r e s s u r e  

I n  t h e  c n i i b r a t  i o n  S i g u r a s  f o r  each i n s t r u m e n t ,  t he  

error i n  s t a t i c - p r e s s u r c  r c a d i c g  Ps --------, - Ps' t h e  e r ro r  in 
P i  P s  

I P i  -+ P i  i m p a c t- p r e s s a r e  r e a d i n g  -------, and t h e  c a l i b r a t i o n  
P i  - P s  

f a c t o r  EL---- * p s  d e t e r m i n e d  f r o m  t h e  errors i n  s t a t i c-  
P i  t *c PS' 

p r e s s u r e  and i m p a c t - p r e s s z r e  reatifilgs %re p l o t t e d  a g a i n s t  

t h e  i a d i c a t e d  c o n p r e s s i o n  r a t i o  

f u r , c t i o i i  o f  the Mach number. 

f 1 
--I------ ,- p s  , Which i s  a 

PS' 

BESULTS AND ZIISCUSSION 

S e r v i c e  Tubes 

Tubes ---------------- 1 a and 1 b.- F i g u r e  6 s h o v s  thp't t h e  s t a t i c -  
p r e s s a r e  e r m r s  f o r  t u b e s  1 a and 1 b a r c  a p p r o x i m a t e l y  
c o a s t a n t  t h o u g h  n r ~ t  e q u a l  o v e r  t h e  g r e a t e r  pcrt  o f  the 
speed. raiige. A c o q p a r i s o n  o f  t he  s t a t i c - p r e s s u r e  e r ro r s  
f o r  t h e  tvto p i t o t - s t a t r c  tiabes o f  t h i s  t y p e  s h o w s  t h a t ,  
i n  g e n e r a l ,  t h o  e r r o r  f o r  tn3e 1 a i s  a p p r o x i m a t e l y  t w i c e  

1 
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t h a t  f o r  t u b e  1 b. The g r e a t e r  p a r t  o f  t h i s  d i f f e r e n c e  
aa.g be due t o  s u r f a c e  i r r e g u l a r i O i e s  3.n t h e  v i c i n i t y  o f  
t h e  s t a t i c - p r e s s u r e  o r i f i c e s  o f  t u b e  1 b. On t h i s  f n s t r u -  
me-nt as  d e l i v e r e d ,  the p l a t i n g  had beer, s t r i p p e a  a dis- 
t a n c e  o f  t w o  t o  f o u r  o r i f i c e  d i a m e t e r s  downstream f r o m  
t h e  o r i f i c e s  and a w i d t h  o f  one  o r i f i c e  d i a m e t e r  behind  
e a c h  s t a t i c - p r e s s u r e  o r i f i c e .  ( S e e  p l a n  view of  t u b e  i n  
f i g ,  1.) The i m p a c t- p r e s s u r e  e r r o r s  f o r  t h e  t w o  t u b e s  
a r e  a p p r o x i m a t e l y  e q u a l  and arc much s m a l l e r  t h a n  ' the 
s t a t i c - p r e s s u r e  e r r o r s .  Tkese  s m s . 1 1  i m p a c t- p r e s s u r e  er-  
r o r s  a r e  caused  ky t n e  p r e s e n c e  o f  a b l e e d  h o l e  i n  t h e  
i i i ipac t -p rcssure  chamber,  and t h e y  a re  t o  be e x p e c t e d  i n  
thk  u s e  o f  any p i t o t - s t a t i c  t u b e  hav ing  a b l e e d  h o l e ,  
The i n r p a c t - p r e s s u r e  e r r o r s  d e c r e s s e  s l i g h t l y  w i t h  i n c r e a s e  
i n  t h e  i n d f c a t  ed compress ion  r a t i o .  The i m p a c t- p r e s s u r e  
e r r o r s  and t h o  s t a t i c - p r e s s u r e  e r r o r s  a r e  i n  such  d i r e m  
t l o n s  that  t h e y  a r e  a d d i t i v e  i n  t h e  c a l i b r a t i o n  f a c t o r s ,  
Inasmuch a s  t h e  c a l i b r a t i o n  f g c t o r  i s  a combina t ion  o f  
t h e  t w o  aeFar-.3.te p r e s s u r e  qr rors ,  t h e  e x p l a n a t i o n  o f  t h e  
d i f f e r e n c e  between t h e  c n l 9 b r a t  i o n  f a c t o r s  f o r  the  two  
i n s t r u m e n t s  i s  e v i d e n t  from t h e  p r e c e d i n g  d i s c u s s i o n .  

Tubes 2 a and 2 b.- F i g u r e  7 shows t h a t  f o r  t n b e s  2 a 
------_I--- I- 

and 2 b t h e  s t a t i c - p r e s s u r e  e r r o r s  a r e  p r a c t i c a l l y  con- 
staznt o v e r  t h e  e n t i r e  speed  r a n g e .  The s t a t i c - p r e s s u r e  
e r r o r s  f a r  t h e  tvo  t u b e s  a g r e e  c l o s e l y  th roughou t  the en- 
t i r e  speed  range ;  t h e r e  is a pra .c t ica1l .y  c o n s t a n t  d i f f e r -  
ence  o f  aSout  1 1 4  p e r c e n t  betkeeri  t h e  twa, 

The i r r p a c t - p r e s s u r e  e r r o r s  f o r  t h e  two '  t u b e s  a r e  
e q u a l  and a r e  n u m e r i c a l l y  v e r y  s m a l l .  There  i s  a s l i g h t  
d e c r e a s e  f n  t h e  i m p a c t- p r e s s u r e  e r r o r s  m i t h  i n c r e a s i n g  
v e l o c i t i e s .  The t w o  p r e s s u r e  e r r o r s  a r e  a d d i t i v e  i n  p r o-  
d u c i n g  t h e  c a l i b r a t i o n  f a c t o r s .  The agreement  between 
t h e  c a l i b r a t i o n  f a c t o r s  f o r  t h e  t w o  i n s t r u m e n t s  i s  c l o s e ;  
t h o  s m a l l  d i f f e r e n c e  i s  a t t r i b u t a b l e  t o  t h e  d i f f e r e n c e  i n  
t h e  s t a t  i c - p r e s s u r e  e r r o r s ,  

T_u_bes 3 a 911-3 b.- P i g u r e  8 shows t h a t  t h e  s t a t i c -  
p r e s s u r e  errors f o r  t u b e s  3 a and 3 5 a r e  l a r g e  and i n-  
c r e a s e  rczpidly w i t 5  i n c r e a s e  i n  t h e  i r i d i c n t e d  compress ion  
r a t i o .  T h i s  r a r i d  i n c r e a s e  i s  t h e  r e s u l t  o f  i n t e r f e r e n c e  
caused  by t h e  p r o x i m i t y  o f  t h e  mounting and p r e s s u r e  l e a d s  
t o  t h e  s t a t i c - p r e s s u r e  o r i f i c e s .  The f i g u r e  also s h o w s  
that a d e c r e a s e  i n  t h e  magni tude  of  the e r r o r ,  w i thou t  
change ii: t h e  slope o f  t h e  c u r v e ,  OCCU.TS when a f a i r i n g  
i s  p u t  o v e r  t k e  par t ;  of  t h e  t u b e  i n  c o n t a c t  w i t h  i t s  Qa in  
s u p p o r t .  Tl i is  r e s u l t  i n d i c a t e s  t h a t  l a r g e  i n t e r f e r e n c e  

J 
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e f f e c t s  can be expec ted  b e t p e e n  t h e  p i t o t - s t a t i c  t n b e  and 
t h e  s u r f a c e  o n  which i t  i s  mounted, Tbe d i f f e r e n c e  be- 
tween t h e  s t a t i c - p r e s s u r e  e r r o r s  f o r  t h e  two t u b e s  is 
s m a l l  i n  compar ison  w i t h  CY53 t o t a i  e r r o r .  

The i m p a c t- p r e s s u r e  e r r o r  f o r  each  o f  t h e  t u b e s  i s  
zero. T h e  e x p l a n a t i o n  02 t h e  v a r i a t i o n  i n  t h e  c a l i b r a t i o n  
f a c t o r s  (fig. e (  b)) i s  e v i d e n t  f r o m  t 3 e  p r e c e d i n g  d i s c u s s i o n ,  

F r a n a t l  Tnbe 

Bigw-re 9 shows that  t h e  e r r o r  i n  s t a t i c  p r e s s u r e  f o r  
t h e  Pra - r ,d t l  t u b e  i s  sn?a:l a t  l o w  v a l u e s  o f  t h e  i n d i c a t e d  
c o n i ; r c s s i o n  r a t i o ,  bu t  i t  i r i c r e a s e s  i n  magni tude  a s  the 
i z d i c a t c d  cosnpression r a t  i o  i s  i n c r e a s e d ,  T h i s  i n c r e a s e  
i n  e r r o r  i n  t h e  s t z t  i c - p r e s s u r e  r e a d i n g  w i t h  i n c r e a s i n g  
s g e e d s  i s  exb.j .bited by ail t h o  F r n n Z t l - t y F e  p i t o t - s t a t i c  
tu-bes t h a t  h a v e  been c a l i b r a t e d ,  i n  t h e  NBCA 24-4.nch h igh-  
speed  wirid t u n n e l .  9he i ~ s t r u m e n t  o f  mhlch t h e  c z l i b r a -  
t i a s i  is g i v e n  h e r e  has been used a s  3 s t a n d a r d  tinbe a g a i n s t  
which  others h a v e  beeE c a l i b r q t e d  end  h a s  n o t  been v s e d  I n  
r e g u l a r  s e r v i c e .  Consequ-ent ly,  t h e  a l inexe-n t  o f  t h e  por -  
t i o r , s  ahead oP qnd beh ind  t h e  s t a t i c  slot was m o r e  a c c u r a t e  
thpz o a  a n y  o f  t h e  o t h e r  F s s n a t l - t y g e  p i t o t - s t a t i c  t u b e s  
t e s t e d ,  and, as  a r e s u l t ,  the s t a t i c - p r e s s u r e  e r r o r  o f  t h i s  
instruri lent  WI?S saziler t h n r  t h e  errors o f  s imi l a r  t u b e s  
c a l i b r a t e d . .  F i g ~ r e  9 a l s o  shows that  tho i m p a c t- p r e s s u r e  
e r r o r  €or t k e  Prsndt l - t ;Tpe P i t o t - s t a t i c  t u b e  i s  n e g l i g i b l e .  
Zl1:ie v a r i a t i o n  i n  t h e  c a l i b r a t i o n  f R c t o r  f s  due t o  t h e  uar3.a- 
t i o n  t h e  s t a t f c - p r e s s u r e  e r r o r .  

Eigh-Speed Tube 

F i g u r e  10 shoms t h a t  tile e r r o r  i n  s t a t i c - p r e s s u r e  
r e a d i r g  ? o r  t i l e  h igh- speed p i t o t - s t a t i c  t u b e  a t  
i s  nv-ch smaller for nose  A and nose  I3 t'aar- for nose C and 
nozje D. For nosea  A a n d  le t n e  s t a t i c - p r e s s u r e  e r r o r s  are 
v e r y  s m a l l ,  even f o r  r e l a t i v e l y  h i g h  v a l u e s  o f  t h e  i n d i c a t e d  
c o n p r e s s f o n  r a t i o  The s t a t i c - p r e s s u r e  e r r o r  f o r  nose D 
i s  c o m p a r a t i v e l y  l a r g e  a t  1 o v  s p e e d s .  T h i s  e r r o r  is prob-  
a b i y  c a u s e d  bg' o n e  o r  a combina t ion  o f  t h e  f o l l o w i r , g  f a c t o r s :  
(1) s e p a r a t i o r r  o f  t h e  f l o w  a b o u t  t h e  n o s e ;  (2)  t h e  n e a r n e s s  
o f  t h e  s t a t i c - p r e s s u r e  o r i f i c e s  t o  the r e g i o n  o f  maximum 
induced  v e l o c f t i e s  a b o u t  t k e  n o s e ,  n i t h  the r e s u l t  t h a t  
t o i t 3 i - n  th is  rnxige t h e  o r i f i c e s  a r e  i n  a r e g i o n  o f  i nduced  
n e g a t i v e  p r e s s u r e ,  

a = O* 



8 

F i g u r e  11 sliows t h a t  t h e  i m p a c t- p r e s s u r e  e r r o r  i s  
n e g l i g i b l e  f o r  all f o u r  nose  s h a p e s .  O f  t h e  f0u.r c a l i -  
b r a t i o n  f a c t o r s  g i v e n  i n  f i g u r e  1 2 ,  t h e  f a c t o r s  f o r  n o s e s  
A and B are  n e a r e r  u n i t y  t h a n  t h e  o t h e r s .  The c a l i b r a t i o n  
f s c t o r s  f o r  n o s e s  A and 33 a r e  p r a c t i c a l l y  e q u a l  t o  i i i i i ty  
f o r  a11 excep t  t h e  h i g h e s t  v a l u e s  o f  t h e  i n d i c a t e d  corn- 
p r e s s i o n  r r ? t i o .  

F i g u r e  13 shows t h a t  t h e r e  i s  l i t t l e  ch.znge i n  t h e  
s t s t j . c - p r e s s u r e  e r r o r s  f o r  n o s e s  A ,  B y  and C when She a n g l e  
o f  n t t a c k  i s  i n c r e a s e d  t o  4'. The s t a t i c - p r e s s u r e  e r r o r  
f o r  n o s e  D i s  c o m p s r n t i v e l y  l a r g e  a t  a n  a n g l e  o f  a t t a c k  o f  
4'. The i m p a c t- p r e s s u r e  e r r o r s  f o r  a l l  t h e  t u b e s  a t  a n  
ailgle of  s t t a c k  o f  4' ( f i g .  14 )  d i f f e r  a p p r e c i a b l y  f rom 
t h e  values a t  0' o n l y  f o r  l o w  vRlues  of t h e  i n d - i c a t e d  com- 
p r e s s i o n  r a t i o ,  s t  7xh.ich t h e  e r r o r s  a r e  o f  g r e a t e r  magni- 
t u d e  t h a n  a t  ar, a n g l e  o f  a t t a c k  of 0 ' .  

The c a l i b r a t i o n  f a c t o r s  f o r  t h e  h igh- speed t u b e  w i t h  
d i f f e r e n t  n o s e s  at 40 a n g l e  o f  a t t a c k  a r e  g i v e n  i n  f r g u r e  
13. The c a l i b r a t i o n  f a c t o r s  f o r  ~ o s e s  A a n d  B a r e  n e a r e r  
u n i t y  t n a u  t h o s e  f o r  c 3 s e s  G and D .  The c a l i b r a t i o n  fac-  
t o r  f o r  n o s e  B i s  a e a r e r  u r i i ty  a t  l o w  s p e e d s  b u t  var i .es  
m o r e  f ror i !  ' L t a i t j r  at h i g h  s y e e d s  t b a n  t h a t  f o r  n o s e  A. 

The e r r o r s  5.11 s t a t i c - p r e s s u r e  r e a d i n g  ( f i g .  3.5) f o r  
t i le h igh- speed t u b e  w i t h  n o s e s  A ,  3 ,  and C show a d e f i n i t e  
i n c r e a s e  i n  mngnituCe a t  a n  a n g l e  o f  a t t a c k  o f  8'. Be- 
c a u s e  o f  t h e  large e r r o r s  a t  a n g l e s  o f  a t t ac jx  o f  0' ana 
4' m i t l z a  Eose 3 ,  c a l i b r a t i o n s  w i t h  t h i s  nose  share  were 
n o t  made a t  a n g i e s  o f  a t t , ack  h i g h e r  t h a n  4'. The i n p a c t -  
p r e s s u r e  e r r o r s  ( f i g ,  17)  a l s o  show a g e n e r a l  i n c r e a s e  i n  
magni tude  ove r  t h e  e n t i r e  speed  range. T h i s  i n c r e a s e  i n  
i m p a c t- p r e s s u r e  e r r o r  i s  a p p r o x i m a t e l y  equal  f o r  a l l  t h e  
n o s e s  calibrated. The c a l i b r a t i o i  f a c t o r s  shown i n  f i g u r e  
18  d i f f e r  c o n s i d e r a b l y  from t h o s e  a t  sinal1 a n g l e s  of  a t t a ck .  
Inasmuch a s  t h e  t7.o s e p a r a t e  z r e s s ~ r e  e r r o r s  are i n  s u c h  
d i r e c t i o n s  that t h e y  c a n c e l  e x c e p t  a t  high v a l z e s  o f  t h e  
i l l d i c a t e d  cornpression r a t i o  , % h e  c a l i b r a t i o n  f a c t o r s  a t  
a n  a n g l e  o f  a t t a c k  o f  8' d i f f e r ,  excep t  a t  t he  h i g h e s t  
s p e e d s ,  f r cm taose  a t  a= a n g l e  o f  a t t a c k  o f  0' by not more 
thaii 1s p e r c e n t .  

A f u r t h e r  i n c r e a s e  in t he  s t n t i c - p r e s s u r e  e r r o r s ,  at 
a n  a n g l e  of a t t a c k  o f  12 , i s  shomi i n  f i g u r e  19. The 
i m p a c t- p r e s s u r e  e r r o r s  s b o m  in f i g u r e  20 i n c r e a s e  g r e a t l y  
at 9x1 anGjle o f  e t t a c l c  o f  12'. AS t k e  t F o  p ress lz re  e r r o r s  
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a r e  i n  such d i r e c t i o n s  t h a t  t h e y  t e n d  t o  c a n c e l  i n  t h e  
c a l i b r a t i o n  f a c t o r s ,  t h e  t o t a l  e r r o s 5 ,  as shown by t h e  
c a l i b r a t i o n  f a c t o r s  In f i p r e  2 1 ,  d i f f e r  from t h e  v a l u e s  
f o r  0’ a n g l e  o f  a t t a c k  2y 3 t o  4 p e r c e n t .  

Comparison of Prandtl Tube and High-speed Tube 

The high-s-r;eed P i t o t - s t a t i c  t u b e  v a s  d e s i g n e d  as a 
l a b o r a t o r y  i n s t r u m e n t  an??, a s  a r e s u l t ,  i t s  c a l i b r a t i o n s  
are d i r e c t l y  con;parnbie wi th  t h o s e  o f  o t h e r  l a b o r a t o r y -  
t y p e  i n s t r u m e n t s .  F i g u r e  22 g i v e s  a c o r q a r i s o n  o f  t h e  
c a l i b r a t i o n  f a c t o r s  f o r  t h e  P r e n d t l - t y p e  P i t o t - s t a t i c  tube  
and t h e  high- speed P i t o t - s t a t i c  t?lbe w i t h  n o s e  A. A t  lorn 
s g e e d s  t h e r e  i s  s l i g k t  d i f f e r e z c e  betmeen t n e  c a l i b r a t i o n  
facbors f o r  t h e s e  t-70 t u b e s ,  The f a c t o r  f o r  t h e  P r a n d t l  
i+ is t rument ; ,  h o n e v e r o  d e v i a t e s  fror;?- u n i t y  s t  a much l o w e r  
speed  t h a n  d.oes t h e  f a c t o r  f o r  t h e  h igh- speed  t u b e .  A t  
h i g h  s p e e d s  t ,he c a l i b r a t i c n  f a c t o r  f o r  t h e  h igh-spzcd 
p i t o t - s t s t  i c  t u b e  i s  co: is iderably n c ~ r e r  unit67 tliaiz i s  
t h o  c a l i b r a t i o n  f a c t o r  o f  t h e  F r a n d t l - t y p e  i n s t r u m e n t .  
Innsmuc3 a s  each  o f  thesq i n s t r u m e n t s  kas a h e m i s p h e r i c a l  
n o s e ,  t h e  b e t t e r  c h s r a c t e r i s t i c s  o f  t h e  h igh- speed  t u b e  
a r e  evid.ei&tly t h e  r e s u l t  o f :  (1) a s p i l i d l e  ahaped t o  g f v e  
a smalZer  e f f e c t  o-c t S c  s t a t i c  p r e s s u r e  a t  t h e  s t a t i c -  
p r e s s n r o  o r i f i c e s ;  ( 2 )  more a c c u r a t e  s t a t i c - p r e s s u r e  ind.P- 
c a t i o n s  v i t h  t h e  small o r i f i c e s  t l izn w i t h  ths s l o t  used  on 
t h e  P r a n d t l  Lube; and (3) a b e t t e r  location o f  t h e  s t a t i c -  
p r e s s u r e  o r i f i c e s  nod.  sv.-,Fort s ~ i n d 1 . e  f o r  h i g h  speeds .  

Ii1 t h e  u s e  o f  t h e  c a l i b r a t i o n  da , t s  t h e  v e l o c i t y  can  be 
d e t  c rml i i sd  i n  t h e  “L’ollowicg m n n e r :  

The a b s c i s s a  o f  t h o  c a l i b r a t i o n  c u r v e s ,  t h e  i n d i c a t e d  
P i )  - ps 1 

p,’ 
com-pr e s s i o  n rat i o  --------- , c a n  be d e t e r m i n e d  f r o n  t h e  

i i i s t rumer , t  r e a d i i g s  o f  t h o  i n c l i c s t e d  i;nlpact p r e s s ’ i r e  Pi t 
and tlie i c d i z a t e 4  s t a t i c  p r e s s u r e  p s ’ .  The c a l i b r a t i o n  

f a c t o r  -----*- car* be o b t a i c e d  f r o m  t h e  f i g u r e  p r c s e n t -  

i n g  t h e  c a l i b r e t i o n  f s c t o r  o f  t h e  d e s i r e d  i n s t r u m e n t .  
Then 

P i  - P, 
Pi’” 3?s t 
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The t r u e  impact - p r e s s u r e  p i  and t h e  t r u e  s t a t i c  
p r e s s u r e  ps c a n  be d e t e r m i n e d  by u s i n g  e i t h e r  t h e  impact-  

p r e s s u r e  e r r o r  P i  ----_--_ - P i '  o r  t h e  s t a t i c - p r e s s u r e  e r r o r  

P i  - Ps 
impa ,c t -p ressu re  e r r o r  is u s e d ,  t h e n  (3 

P i  P s  1 '' -------- - as  o b t a i n e d  f r o m  t h e  c a l i b r a t i o n  cvirves. If t h e  t;' 
LKJ w 

Thn,  v e l o c i t y  t' can  be o b t a i n e d  f rom t h e  r e l a t i o n  

where  

Y r a t i o  o f  s p e c l f i c  h e a t  a t  c o n s t a n t  p r e s s u r e  t o  s p e c i f i c  
h e a t  a t  c o n s t a n t  volume ( t a k e n  a s  1.40 f o r  a i r )  

mass d e n s i t y  o f  a i r  s t a t f c  p r e s s u r e  p, and ambient-  
ais t e m p e r a t u r e  

P S  

C a l i b r a t i o n s  o f  t h r e e  t y p e s  o f  s e p v i c e  and two  t y p e s  o f  
l a b o r a t o r y  p i t o t - s t a t  i c  t u b e s ,  made over  a n  a p p r o x i m a t e  
r a n g e  o f  speeds  o f  150 t o  600 m i l e s  pe r  h o u r ,  i n d i c a t e  t he  
follow iilg c s n c l u s  i o n s :  

1. The c a l i 3 r a t i o n s  o f  t h e  Xollsman I n s t r u m e n t  Co. 
F.S.S.C.  Bo. 16-T-4545-type p i t o t - s t a t i c  t u b e s  and t h e  A e r o  
I n s t r u m e n t  G o ,  ' L i ,S .S .C .  Bo. 18-T-4554-type P i t o t - s t a t i c  
t u b e s  i n z i c a t e d  t h a t  t h e  p ress la re  e r r o r s  f o r  e a c h  o f  t h e s e  
t y p e s  o f  i n s t r u m e n t  a r e  c o E p a r a t i v e l y  small and a r e  approx-  
i m a t e l y  c o n s t a n t  o v e r  a l,..;rge speed rzlage. 
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2. The A e r o  Znstrnmen's Co . N . A . F .  39968-type p i t o t -  
s t a t  i c  t u b s  showed l a r g e  i3t e r f e r e r r c e  e f f e c t s  between the  
t u b e  and t h e  s u r f a c e  on which i t  was mounted. This i n t e r -  
f e r e n c e  was s o  g rea , t  t h a t  t h e  u se  o f  t h i s  t y p e  o f  i n s t r u -  
ment would p r o b a b l y  be u n d e s i r a b l e .  

3. The d i f f e r e n c e  i n  t h e  c a 1 , i b r a t i o n s  o f  t h e  two 
Kollsman Inst rument ;  Co. F.S.S.C.  %To. 18-T-4545 p i t o t - s t a t i c  
t u b e s ,  i n a s n u c h  a s  t h e  o n l y  d i f f e r e n c e  Ln t h e  i n s t r u m e n t s  
w a s  t h e  Fresence o f  s*urft .ce i r r e g u 1 . a r i t i e s  n e a r  t h e  s t a t i c -  
pressurc, o r i f i c e s  o f  o n e  i n s t r u m e n t ,  i nd . i ca t ed  t h e  impor- 
t a n c e  o f  h a v i n g  a srriooth. s u r f a c e  ir, t h e  r e g i o n  o f  t h e  
E t a t i c - p r e s s u r e  o r i f  i c e s  i n  o r d e r  t o  o b t a i n  a c c u r a t e  r e s u l t s .  

4m The s t a n d a r d  P r a n d t i - t y p o  P i t o t - s t a t i c  t n b e  a n a  
t h e  n igh- speed  p i t o t - s t a t  i c  t u b e  w i t h  h e m i s p h e r i c a l  an& 
2 : l  s e m i e l l i p s o i d a l  nose  s h a p e s  were .found t o  h3ve si!nil.ar 
c a i i b s e . t i o n s  a t  low sDceds but a t  h i g h  spee6.a t h s  high- 
s p e e d  t u b e s  were faun; t o  have b e t t e r  c h e r a , c t r r i s t i c s  than 
t h e  P r a n d t l - t . y p e  t u b e .  The h igh- speed  p i t o t - s t a t i c  t u b e  
w i t h  hemis2ner ica . l  3rd 2 : l  s e m i e l l i p s o i d a l  n o s e  shapes  had 
p r a c t i c a l l y  constr , i i t  c n l t b r n t i o n  f a c t o r s  a t  7ralues of  t h e  
idach nur,,ber from 0 . 2  t o  0 . 7 .  Throughout t n i s  speed  r a n g e  
t h e  c a l i b r a t i o n  f a c t o r  f o r  eech. OF t h e a e  t a b e s  was 1 m O O O  
kO.002 at  a n  a n g l e  o f  a t t a c k  o f  G o .  Throughout  t h e  same 
speed  r s n g e  t>r:d a t  a n g l e s  o f  e t t c l ck  a s  h igh  a s  8 O ,  the 
g r e a t e s t  e r r o r  i n t r c d u c e d  w - 7 ~  n o t  g r e a t e r  tiian 1$ p e r c e n t  
f o r  e i t Z e r  nose  shape. 

5. Al though c l e s i g ~ e d  a s  a l a b o r a t o r y  i n s t r u m e n t ,  t h e  
h igh- speed  P i t o t - s t a t i c  t u b e ,  w i t h  small  m o d i f i c a t i o n s  
tha t  s h o u l d  i n t y o d u c e  o n l y  a small  change i n  t h e  t o t a l  
e r r o r  of t h e  i n s t r u m e n t ,  may be s u i t a b l e  f o r  s e r v i c e  use. 

Lang ley  Eemor ia l  A e r o n a u t i c a l  L a b o r a t o r y ,  
X a t i o n a l  Adv i so ry  C o r m i t t e e  f o r  A e r o n a u t i c s ,  

Langley  Fi,eLd, V a ,  
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